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Available online 10 December 2015AbstractA batch and flow injection (FI) spectrophotometric methods are described for the determination of barbituric acid in aqueous
and urine samples. The method is based on the oxidative coupling reaction of barbituric acid with 4-aminoantipyrine and potassium
iodate to form purple water soluble stable product at l 510 nm. Good linearity for both methods was obtained ranging from 2 to
60 mg mL1, 5e100 mg mL1 for batch and FI techniques, respectively. The limit of detection (signal/noise ¼ 3) of 0.45 mg mL1
for batch method and 0.48 mg mL1 for FI analysis was obtained. The proposed methods were applied successfully for the
determination of barbituric acid in tap water, river water, and urine samples with good recoveries of 99.92% and 100.67% for batch
and FI method, respectively.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of University of Kerbala. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Barbituric acid {2,4,6(1H,3H,5H)-pyrimidine-
trione} (BA) or 6-hydroxyuracil is an organic com-
pound based on a pyrimidine heterocyclic skeleton.
Preparation of barbiturates, dyes and polymerization
catalysts, and pharmaceutical preparation has been
depend mainly on association of BA. Moreover, it was
identified as an intermediate in many processes and* Corresponding author.
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the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/there is no effect on the central nervous system by BA
itself. However, it is used as a precursor to medical
barbiturates which can be lethal in excessive amounts
[1].
Thus, for the reasons above and for biological and
industrial processes, the development of a simple,
rapid, sensitive, and selective method for determination
of trace amounts of barbituric acid is an important
issue.
Different approaches have been developed for the
determination of BA in various matrices such as
pharmaceutical formulation, blood, urine and aqueous
solutions included spectrophotometry [2e5], highn behalf of University of Kerbala. This is an open access article under
4.0/).
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electrophoresis [9], electrochemical [10e12], chem-
iluminescence [13], a narrow-bore porous graphitized
carbon column using wateredioxane mixtures as mo-
bile phases for simultaneous effect of organic modifier
and physicochemical parameters of barbiturates [14],
reversed-phase thin-layer chromatography using
methanol:water mixtures as a mobile phase for the
determination of lipophilicity of thiobarbituric acid
derivatives assessed [15], little attention have been paid
to develop a new method for the spectrophotometric
determination of barbituric acid.
The purpose of this work is to determine barbituric
acid using batch and flow injection (FI) spectrophoto-
metric methods since FI become a popular method
utilized in the analysis and application in various
samples. Thus, the proposed study describes new, fast,
low cost, simple, sensitive batch and FI spectrophoto-
metric methods for the determination of barbituric acid
via oxidative coupling reaction with 4-aminoantipyrine
in the presence of potassium iodate forming purple
colored product that has a maximum absorption at lmax
at 510 nm.
2. Experimental
2.1. Apparatus and chemical materials
A Shimadzu 1650 PC UV-VIS double beam spec-
trophotometer was used for lmax determination. A two-
channel manifold (Fig. 1) was employed for the flow
injection spectrophotometric determination of barbi-
turic acid. A peristaltic pump (Gilsasonminipuls (2))Fig. 1. Manifold employed for FI spectrophotometriwas used to transport the carrier solution equipped with
flexible polyvinyl chloride tubes of 0.8 mm internal
diameter. Injection valve (Rheodyne-USA) was
employed to provide appropriate injection volumes of
standard solutions and samples. Potassium iodate was
supplied by BDH company and 4-aminoantipyrine
obtained from Fluka while barbituric acid was pur-
chased from Sigma Aldrich.
2.2. Preparation of solutions
4-Aminoantipyrine (0.5 M) was prepared by dis-
solving 10.162 g in 100 mL of distilled water in a
volumetric flask of 100 mL.
Barbituric acid standard solutions (500 mg mL1)
were prepared by dissolving 0.05 g of barbituric acid in
distilled water the solution was made up to 100 mL
with distilled water.
Potassium iodate (0.5 M) was prepared by dissolv-
ing 10.7 g of potassium iodate in distilled water the
solution was made up to 100 mL with distilled water.
Water and urine samples: all water samples were
filtrated before analysis whereas urine samples were
diluted 1:4 with distilled water and then filtering using
a No. 4 Whatman filter paper.
2.2.1. Samples
All urine samples were collected from healthy
individuals volunteers living in Baghdad, Iraq (3 males
and 2 females; age 18 to 24). All volunteers were asked
to complete a rapid questionnaire regarding their sex
and age and gave written consent before being enrolled
in the study.c determination of BA with 4-aminoantipyrine.
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barbituric acid in aqueous solutions (batch method)
In a series of 25mLvolumetric flask, transfer adequate
amounts of BA (100 mg mL1) followed by addition of
1.5mLof 1 102Mof potassium iodate solution. Then,
2.5mLof 1 103Mof 4-aminoantipyrine solution. The
volume was completed with deionized water and after
20 min, the sample was introduced to the spectropho-
tometer after incubation it at 35 C.
2.4. General FI procedure
l00 mL sample is injected into a 1.5 mL min1
stream of 0.001 M 4-aminoantipyrine solution in a
150 cm reaction coil submerge in a water bath at 35
and the stream allows to merge with another stream of
0.01 M potassium iodate solution in a 250 cm, at a
PTFE T-piece. The reaction is carried out by passing
the mixture, maintaining the reaction coil at 35 C in a
water bath, and the observance of purple product is
measured at 510 nm. First channel in the manifold was
used to transport 4-aminoantipyrine while second
channel operated to transport potassium iodate solution
served as an oxidizing agent (Fig. 1). Then, the sample
introduced into the carrier stream of 4-
aminoantipyrine, and was mixed well in the reaction
coil. The product was mixed with potassium iodate.
3. Results and discussion
3.1. Preliminary investigation
Throughout the preliminary investigation on the
reaction of barbituric acid with 4-aminoantipyrine in
the presence of potassium iodate. A purple colorFig. 2. Absorption spectra of A (30 mgmL1) of barbituric acid
treated as described under procedure and measured against reagent
blank of B.product was formed. It has a maximum absorption at
lmax 510 nm as shown in Fig. 2.
From the results obtained, it appeared a possible to
develop a new spectrophotometric method for the
determination of BA using the previous mentioned
reaction. Initial studies were directed toward optimi-
zation of the experimental condition in order to obtain
a more sensitive, stable and reproducible colored
product. The influence of various reaction variables on
the colored product was tested to establish the most
favorable conditions for the determination of BA. This
study was started with the initial parameter given in
Table 1.
3.2. Optimization of the experimental conditions of
batch method
3.2.1. Effect of the order of addition
The effect of the order of addition was studied by
preparing solutions with different orders at different l
(Fig. 3). The order No. II was selected because it gave
the highest sensitivity.
3.2.2. Effect of time on the stability of complex
The effect of time on the reaction and stability of
the colored dye were also studied. Fig. 4 shows that the
high intensity can be obtained after 20 min from the
beginning of the reaction and the complex color was
stable up to 2 h. Thus, 20 min was selected as a waiting
time in this study.
3.2.3. Effect of the concentration of reagent and
oxidant
In order to select the best concentration of 4-AA and
potassium iodate for a good sensitivity, the effect of
different concentrations of 4-AA (1 104e1 102M)
and KIO3 (1 103e1 101 M) was examined. Fig. 5
shows that 0.001M is the best concentration for 4-AAand
0.01 M of KIO3 gave a good sensitivity for the complex
formation.
3.2.4. Effect of temp
It has been shown preliminary that temperature is a
very essential parameter and it greatly enhances theTable 1
Initial experimental chemical and physical conditions.
No. Preliminary parameters Value
1 Conc. of 4-aminoantipyrine 1  103 M
2 Conc. of potassium iodate 5  103 M
3 Setting time Immediately
4 Temperature 25 C
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Fig. 4. Effect of time on the complex stability.
Table 2
Effect of temperature on the sensitivity of the colored product.
Temp. (C) Absorbance
0 0.143
25 0.452
35 0.845
45 0.620
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to be optimized first and was carried as follow: Awater
bath was set at a temperature of 0, 25, 35 and 45 C.
The system was operated at the initial parameter
mentioned in Table 1. The results obtained (Table 2)
showed that a 35 C gave the best sensitivity and a
minimum blank value and was chosen for further use.0
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Fig. 5. Effect of the concentra3.2.5. Nature of dye product
The stoichiometry of the reaction was investigated
using the molar ratio method under the optimized
conditions. The result obtained (Fig. 6) show that a 1:2
product was formed between BA and 4-
aminoantipyrine reagent at 510 nm. The formation of
the dye may probably occur as follows: (Fig. 6)
3.3. Optimization of FIA conditions
FI procedure was performed using the manifold
illustrated in Fig. 1. The absorbance intensity of the
colored product at 510 nm has been improved by
studying the effect of different FI parameters such as
flow rate, length of reaction coil and injection
volume.
3.3.1. Effect of flow rate
The effect of flow rate on the sensitivity of the color
reaction product was investigated. The results obtained
showed that a flow rate of 4.5 mL min1 gave the
highest Abs. as shown I Fig. 7A. Thus, this flow rate
was used for the subsequent experiments.Conc. of KIO3 (M)
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Fig. 6. Molar ratio of BA to 4-AAfor the colored product formed.
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Fig. 7. Optimization of FIA conditions (A) effect of flow rate. (B)
effect of reaction coil length and (C) effect of sample injection
volume.
Table 3
Recommended analytical conditions for the determination of BA
using FIA and batch methods.
Parameters Value
Conc. 4-aminoantipyrine 1  103 M
Conc. of KIO3 0.01 M
Flow rate 4.5 mL min1
Reaction coil length 100 cm
Injected volume 100 mL
Temperature 45 C
Wavelength 510 nm
Reaction tubing diameter 0.5 mm i.d.
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The coil length is an essential parameter and was
studied in the range of 50e250 cm. As shown in Fig. 7
B, 100 cm gave the maximum absorbance and was
considered as optimum in the further experiments.
3.3.3. Effect of sample injected volume
The effect of sample volume was tested by injection
of a volume of different length of sample loop ranged
from 50 to 300 mL. The results obtained show that
100 mL provides the highest absorbance and sensitivity
as illustrated in Fig. 7C and was considered as
optimum.
3.4. Recommended analytical conditions for both
methods
Table 3 demonstrates all the recommended opti-
mum conditions used for the determination of BA
using FIA and batch methods.
3.5. Calibration graph of barbituric acid
The calibration curve was prepared by transferring
adequate amounts of BA standard solutions to 25 mL
volumetric flask under the optimum conditions. A se-
ries of standard solutions were analyzed in triplicate totest the linearity for batch and FIA methods. A good
linearity was obtained (0.5e60) mg mL1&
(5e100) mg mL1 for batch and FIA, respectively.
Table 4 shows the results of sensitivity, detection limit
Table 4
Analytical data for the determination of barbituric acid.
Analytical data Batch method FIA method
Detection limit (mg mL1) 0.45 0.48
Sensitivity (mg mL1) 0.0133 0.0126
Correlation coefficient 0.9988 0.9991
Linear range (mg mL1) 2e60 5e100
Sr 0.5236 0.8857
Sm 0.0055 0.0060
Sb 0.3670 0.5585
RSD% 1.3 0.95
Sr, standard deviation of regression; Sm, standard deviation of slop;
Sb, standard deviation of intercept. Data analysis was performed using
LEAST square regression method [16].
Table 5
Precision of the proposed methods.
Conc. of BA
(mg mL1)
Batch method FIA method
Present Found % Recovery
(±%RSD)
%E Found % Recovery
(±%RSD)
%E
10 9.66 96.65 (1.35) 3.35 9.85 98.5 (0.98) 1.5
30 29.45 98.16 (0.98) 1.84 29.90 99.66 (0.72) 0.34
50 50.02 100.04 (0.67) 0.04 49.95 99.90 (0.26) 0.1
RSD, relative standard deviation.
Table 6
Application of the proposed method for the determination of barbi-
turic acid.
Sample Batch method FIA method
%Rec.b
(±%RSD), n ¼ 5
%Rec.b
(±%RSD),n ¼ 5
Tap water (5)a 99.33 (0.98) 99.88 (0.75)
Urine (5)a 102.39 (1.45) 103.25 (1.20)
River water (5)a 98.04 (1.65) 98.90 (0.98)
a Data in the brackets refer to No. of analyzed samples.
b Average of recovery of five different samples and each sample was
repeated five times.
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Fig. 8 shows the constructed of the calibration curves
under the optimum conditions for the determination of
BA using FIA and batch methods.
Under the optimum conditions, the precision in the
determination of BA was studied. Table 5 shows the
values of the relative standard deviation (%RSD) for
five injections of each BA standard solution containing
10, 30, and 50 mg mL1. While the accuracy of the
proposed method was performed by injecting
30 mg mL1 five times. The results obtained indicated
that the average recovery is between 96.65e100.05%
and 98.5e99.90% for batch and FIA methods,
respectively.
3.6. Application of the proposed method
The proposed method has a great potential for a
sensitive and rapid determination of BA in different
matrices. Thus, the developed method was applied for
the analysis of BA in tap water, river water and urine.
The determination was carried out for five times with
different concentrations. The calculation was done byFig. 8. Typical calibration graphs for the determination of BA using
batch and FIA methods.using two methods, i.e. matching method and linear
equation of calibration graph. The results obtained
from matching method gave a good recovery
(98.04%e103.25%). Therefore, matching method for
the analysis of BA is more successful which exhibit a
good sensitivity and high efficiency (Table 6).
4. Conclusions
A simple, rapid, reliable and sensitive batch and FI
spectrophotometric methods for the quantitative deter-
mination of BA in water samples and urine were devel-
oped. The proposed method can performed without
solvent extraction step or pH control, and achieved
within 20 min at lmax 510 nm with a good recovery.
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